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Objective: To validate the Knee injury and Osteoarthritis Outcome Score (KOOS) for the assessment of
competitive athletes with higher level sports activities after anterior cruciate ligament (ACL) reconstruction.
Methods and Measures: Fifty-seven athletes (39 males and 18 females; age, 25.6 3.4 years; height,
179.6 7.4 cm; weight, 77.6 9.8 kg) after ACL reconstruction were asked to complete the Persian KOOS
and Short Form-36 (SF-36) questionnaires in the test session. To evaluate testeretest reliability, all
participantsﬁlled out the KOOS and SF-36, 6e8 days after theﬁrst visit. The properties of the KOOS in terms
of reliability [Intraclass Correlation Coefﬁcient (ICC)], internal consistency (Cronbach’s alpha), dimen-
sionality (itemescale correlation) and construct validity (Spearman’s rank correlation) were evaluated.
Results: No ﬂoor or ceiling effect was observed. The ICCs (S.E.M.s) of the KOOS subscales were: Pain 0.93
(2.2), Symptoms 0.85 (3.1), Activities of Daily Living 0.91 (2.9), Function in Sport and Recreation 0.75 (2.1)
and Knee-related Quality of Life 0.89 (2.6). The Cronbach’s alphas of the KOOS subscales were: Pain 0.91,
Symptoms 0.75, Activities of Daily Living 0.96, Function in Sport and Recreation 0.86 and Knee-related
Quality of Life 0.74. Spearman’s rank correlations between the subscales of the KOOS and representative
subscales of the SF-36 ranged from 0.40 to 0.79.
Conclusion: This study illustrates the validity and reliability of the KOOS in measuring the functional
status and quality of life of athletes after ACL reconstruction. This study further validates the use of the
KOOS in highly competitive athletes in research on knee injuries.
 2011 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Anterior cruciate ligament (ACL) rupture results in mechanical
and functional instability. Individuals who wish to participate in
competitive sports are usually recommended to undergo recon-
structive surgery1. One difﬁcult challenge in the rehabilitation of
athletes after ACL reconstruction is to determine when it is safe to
return to strenuous physical activities. Recently, clinicians tend to use
patient-oriented outcome measures to determine the success of ACL
surgery and rehabilitation2. Regardless of which tests are used, they
should be standardized, reliable, valid, clinically relevant, inexpen-
sive and convenient for clinicians to use, and acceptable to the
patient3. There is an increased awareness of the importance ofto: Farshid Mohammadi,
l Welfare and Rehabilitation
hran, Iran. Tel/Fax: 98-21-
(F. Mohammadi).
s Research Society International. Ppatient-oriented assessment instruments, assessing the signs and
symptoms experienced by the subject, or the functional tasks that
subjects are able to perform during their Activities of Daily Living
(ADL)4.
Various subjective outcome measures have been suggested for
application in knee injuries2. One of them is Knee injury and Osteo-
arthritis Outcome Score (KOOS), an extension of theWestern Ontario
andMcMasterUniversities (WOMAC),which evaluates the functional
status and quality of life (QoL) of younger and/ormore active patients
with any type of knee injury who are at increased risk to develop
osteoarthritis5. The KOOS has been validated for use in the United
States6, Sweden7, Singapore8, Iran9, France10, the Netherlands11 and
Portugal12 and for several orthopedic interventions, such as total
knee arthroplasty13, ACL injury9, meniscectomy, and different stages
of osteoarthritis14.
Functional outcome measures have been suggested as appro-
priate criteria to estimate the effectiveness of surgical and rehabili-
tative interventions in ACL-injured athletes2. Therefore, evaluating
the reliability and validity of measures such as KOOS may be
a necessary step toward making any decision on the safe return toublished by Elsevier Ltd. All rights reserved.
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mance of the athletes after ACL reconstruction. Roos et al.6 validated
the KOOS questionnaire in subjects after ACL injury and reconstruc-
tion. In terms of sport participation, they included only 21 subjects
with different levels of physical activity ranging from competitive
athletes (n¼ 10) to recreational athletes (n¼ 9) to non-athletes
(n¼ 2). Due to the mixed patient population, the results cannot be
generalized to professional athletes without any cautions. Since the
psychometric properties of outcome measures depends on patients
characteristics, like physical activity, further validation of the KOOS is
needed to conﬁrm its usefulness in athletic populations. To the
authors’ knowledge, no study has speciﬁcally examined the validity
of the KOOS in a homogenous group of athletes who participate in
competitive sports. Therefore, we conducted a study to evaluate the
reliability and validity of the KOOS for the assessment of functional
status andQoL in ACL-reconstructed athleteswith higher level sports
activity.
Methods
Subjects
A sample of convenience including ﬁfty-seven athletes (39 males
and 18 females; age, 25.6 3.4 years; height, 179.6 7.4 cm; weight,
77.6 9.8 kg) with a unilateral ACL injury who had undergone ACL
reconstruction, using either a boneepatellar tendonebone
(21 subjects) or semitendinosusegracilis tendon graft (36 subjects),
participated in this study, from April to September 2010. The assess-
ments were performed 7.6  2.2months after surgery. Twenty-eight
of the subjects had a combinedmeniscus injury. The subjects’ Tegner
score was nine [participation in competitive sports: soccer (29
subjects), basketball (15 subjects) and wrestling (13 subjects)] before
the injury. Tegner is an activity level scale by which sports activity is
graded from level 0 (sick leave or disability pension because of knee
problems) to level 10 [Competitive sports e soccer, football, rugby
(national elite)]15. All subjects had the ability to read Persian. The
exclusion criteria for this study included any other orthopedic
injuries, neurological deﬁcits, and rheumatologic diseases.
Details of the studywere explained to the subjects and informed
consent was obtained. The study was approved by the Ethics
Committee for Health Sciences Research involving human subjects
located at University of Social Welfare and Rehabilitation Sciences.
Procedure
Each subject was asked to complete two questionnaires including
the KOOS and Short Form-36 (SF-36). To examine the reliability ofTable I
Descriptive and reliability statistics for the KOOS and SF-36 subscales
Measures Mean (SD) Median Range
KOOS
Pain 74.0 (10.2) 73.5 57e95
Symptoms 61.2 (9.3) 62.0 51e89
ADL 73.0 (8.9) 72.5 52e96
Sport/Rec 51.1 (15.3) 52.0 34e92
QoL 52.9 (13.9) 54.5 42e96
SF-36
PF 67.1 (11.8) 67.0 42e89
RF 58.4 (9.7) 55.0 40e77
BP 73.8 (7.2) 71.0 56e91
GH 70.9 (9.8) 66.0 52e94
VT 70.5 (9.3) 69.0 55e92
SF 70.3 (10.1) 68.5 49e93
RE 54.1 (10.4) 54.0 25e88
MH 70.0 (9.7) 69.0 52e90the questionnaire, subjects were asked to ﬁll out the KOOS and
SF-36, 6e8 days after the ﬁrst session. Data obtained from the ﬁrst
administration of KOOS were used to evaluate ﬂoor and ceiling
effects, internal consistency, dimensionality and construct validity.
Instruments
The KOOS is a 42-item self-reported, joint-speciﬁc questionnaire
which comprises ﬁve subscales: Pain (nine items), Symptoms
(seven items), ADL (17 items), Function in Sport and Recreation
(Sport/Rec) (ﬁve items) and Knee-related QoL (four items). Each
item is scored from 0 (no problems) to 4 (extreme problems). For
each subscale, the score was normalized to a 0e100 scale with
higher scores indicating better status16. The Persian version has
been validated for use in Iran9.
Those measures which are speciﬁcally designed for patients with
knee problems may be more appropriate choices for assessment of
construct validity. However, due to the lack of any report on trans-
lation, cultural adaptation and validation of these speciﬁc instru-
ments in Iran at the time of study, SF-36 as a generic measure, was
used in the present study. The Persian version has been validated for
use in Iran17. SF-36 is a 36-itemwidely used patient-basedmeasure of
physical and mental health status which comprises eight subscales,
namely, Physical Functioning (PF), Role-Physical (RP), Bodily Pain
(BP), General Health (GH), Vitality (VT), Social Functioning (SF), Role
Emotional (RE) and Mental Health (MH) and two distinct higher-
ordered factors, including physical health (PH) summary measure
andmental health (MH) summarymeasure. These eight subscales are
scored from 0 to 100 with higher scores indicating better health
status18. However, testeretest reliability of this version has not been
reported in Iranian athletes with ACL injury or reconstruction.
Statistical analysis
Floor or ceiling effects were considered to be present if more
than 15% of participants received the worst or the best possible
score, respectively19.
The testeretest reliability was measured using the two-way
random effects model of Intraclass Correlation Coefﬁcient (ICC2,1)
with 95% conﬁdence interval (95% CI)19. An ICC equal or greater than
0.70 is considered acceptable for testeretest reliability19,21. To esti-
mate measurement precision associated with repeated measure-
ments, standard error of measurement (S.E.M.) was calculated as the
square root of the mean square error term derived from analysis of
variance table21. S.E.M. is useful for computing theminimal detectable
change (MDC) or the smallest change in an individual’s score which
can be regarded as a real change inperformance.MDCwas deﬁned asCronbach’s alpha ICC (95% CI) S.E.M MDC
0.91 0.93 (0.91 0.96) 2.2 6.1
0.75 0.85 (0.81 0.91) 3.1 8.5
0.96 0.91 (0.87 0.93) 2.9 8.0
0.86 0.75 (0.73 0.77) 2.1 5.8
0.74 0.89 (0.87 0.92) 2.6 7.2
0.93 0.89 (0.87 0.92) 2.1 5.8
0.87 0.94 (0.91 0.96) 2.2 6.0
0.91 0.95 (0.88 0.98) 2.9 8.0
0.86 0.86 (0.81 0.92) 2.7 7.4
0.79 0.83 (0.79 0.88) 3.3 9.1
0.77 0.77 (0.75 0.81) 2.5 6.9
0.83 0.89 (0.86 0.93) 2.6 7.2
0.74 0.75 (0.72 0.79) 3.1 8.5
Table II
Correlation of each KOOS itemwith its hypothesized subscale (corrected for overlap)
and its competing subscales
KOOS Items Pain Symptoms ADL Sport/
Rec
QoL
Pain
P1. How often do you
experience knee pain
0.78 0.58 0.54 0.52 0.49
P2. Twisting/pivoting on your knee 0.63 0.51 0.49 0.48 0.47
P3. Straightening knee fully 0.71 0.57 0.51 0.46 0.44
P4. Bending knee fully 0.65 0.53 0.51 0.42 0.43
P5. Walking on ﬂat surface 0.79 0.62 0.58 0.50 0.44
P6. Going up or down stairs 0.74 0.61 0.56 0.49 0.48
P7. At night while in bed 0.71 0.49 0.55 0.46 0.48
P8. Sitting or lying 0.73 0.55 0.52 0.47 0.44
P9. Standing upright 0.72 0.57 0.54 0.45 0.42
Symptoms
S1. Do you have swelling in your knee 0.51 0.65 0.51 0.44 0.49
S2. Do you feel grinding/friction, hear
clicking/cracking or any other type
of noise when your knee moves
0.52 0.58 0.49 0.42 0.48
S3. Does your knee jam or lock
when moving
0.49 0.59 0.44 0.42 0.46
S4. Can you straighten your knee fully 0.53 0.69 0.49 0.45 0.45
S5. Can you bend your knee fully 0.54 0.62 0.48 0.44 0.49
S6. How severe is your knee
joint stiffness after ﬁrst
wakening in the morning
0.55 0.61 0.47 0.41 0.51
S7. How severe is your knee stiffness
after sitting, lying or resting
later in the day
0.49 0.57 0.46 0.40 0.52
ADL
A1. Descending stairs 0.57 0.56 0.69 0.59 0.57
A2. Ascending stairs 0.62 0.52 0.76 0.67 0.64
A3. Rising from sitting 0.61 0.59 0.75 0.69 0.62
A4. Standing 0.59 0.57 0.71 0.66 0.61
A5. Bending to ﬂoor/pick up an object 0.68 0.65 0.81 0.69 0.68
A6. Walking on ﬂat surface 0.69 0.65 0.85 0.71 0.69
A7. Getting in/out of car 0.61 0.55 0.79 0.65 0.63
A8. Going shopping 0.62 0.59 0.82 0.66 0.69
A9. Putting on socks/stocks 0.63 0.68 0.72 0.64 0.62
A10. Rising from bed 0.62 0.65 0.75 0.61 0.63
A11. Taking off socks/stocks 0.65 0.59 0.77 0.65 0.62
A12. Lying in bed 0.62 0.57 0.76 0.68 0.67
A13. Getting in/out of bath 0.63 0.81 0.81 0.71 0.69
A14. Sitting 0.57 0.52 0.69 0.55 0.59
A15. Getting on/off toilet 0.63 0.55 0.75 0.61 0.62
A16. Heavy domestic duties 0.55 0.53 0.66 0.57 0.54
A17. Light domestic duties 0.63 0.61 0.79 0.66 0.69
Sport/Rec
SP1. Squatting 0.51 0.53 0.59 0.69 0.58
SP2. Running 0.52 0.54 0.61 0.79 0.62
SP3. Jumping 0.59 0.61 0.63 0.81 0.65
SP4. Twisting/pivoting on your
injured knee
0.55 0.57 0.64 0.77 0.66
SP5. Kneeling 0.51 0.55 0.61 0.72 0.59
QoL
Q1. How often are you aware of
your knee problem
0.44 0.46 0.49 0.50 0.59
Q2. How you modiﬁed your life
style to avoid potentially
damaging activities
to your knee
0.49 0.51 0.52 0.53 0.66
Q3. How much are you troubled
with lack of conﬁdence
in your knee
0.51 0.49 0.56 0.58 0.68
Q4. In general, how much
difﬁculty do you have
with your knee
0.43 0.46 0.51 0.49 0.56
All correlation coefﬁcients are signiﬁcant at P< 0.01. Correlation between each item
and its hypothesized subscale after correction for overlap is in bold. Bold correla-
tions are also highest in the same row for all items with the exception of item A13.
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internal consistency or the degree of inter-item correlation within
a subscalewasmeasuredby the Cronbach’s alpha. ACronbach’s alpha
coefﬁcient equal or greater than 0.70 is generally considered to be
acceptable19.
Dimensionality was assessed using item-to-domain correlations
(corrected for overlap) for which Spearman’s correlation coefﬁ-
cients between domain scores and their constituent items equal or
greater than 0.40 was considered acceptable22. In addition, corre-
lation between each item and its competing subscales was tested.
Clearly, the correlation between each item and its hypothesized
subscale must be greater than the correlation between the same
item and its competing subscales22.
Construct validity was measured by comparing the subscales of
the KOOS with a priori hypothesized corresponding domains of
SF-36. There should be a strong correlation between:(1) KOOS Pain
with SF-36 BP, (2) KOOS ADL with SF-36 PF and (3) KOOS Sport/Rec
with SF-36 PF. Also, the correlations betweenKOOS subscales and SF-
36 subscales of PH (PF, RP, BP) should be higher than between KOOS
subscales and SF-36 subscales ofMH(VT, SF, RE,MH). The Spearman’s
rank correlation coefﬁcients were used for all a priori hypotheses11,17.
According to the literature, correlation coefﬁcients >0.50 are
considered as strong, 0.35e0.50 as moderate and <0.35 as weak23.
Results
The mean, standard deviation (SD), median, and range for the
ﬁve KOOS and eight SF-36 subscales have been shown in Table I.
No patient achieved the lowest (ﬂoor effect) or the highest (ceiling
effect) possible score for both KOOS and SF-36 subscales. There was
no missing value for both KOOS and SF-36 questionnaires.
Reliability
The ICC, 95% CI, S.E.M, MDC and Cronbach’s alpha for KOOS
subscales have beendemonstrated inTable I. The ICCwashigher than
the acceptable level of 0.70, ranging from 0.75 to 0.93. Cronbach’s
alpha for all subscales of the KOOS was greater than 0.70, ranging
from 0.74 to 0.96.
Dimensionality
Table II shows the itemescale correlation between each item
and its hypothesized subscale and other KOOS subscales.
Spearman’s correlation coefﬁcient of 0.40 was exceeded by all
items, ranging from 0.52 to 0.85. Furthermore, with the exception
of item 13 of ADL subscale, item-subscale correlations were higher
for hypothesized subscale than for competing subscales.
Construct validity
Table III shows the correlations between the scores of KOOS and
the SF-36 subscales. There were strong correlation between KOOS
Pain and SF-36 BP (r¼ 0.79, P< 0.01), KOOS ADL and SF-36 PF
(r¼ 0.73, P< 0.01) and KOOS Sport/Rec and SF-36 PF (r¼ 0.72,
P< 0.01). Also, higher correlations were found between KOOS
subscales and SF-36 subscales of PH than between KOOS subscales
and SF-36 subscales of MH.
Discussion
This study demonstrates that the KOOS is a reliable and valid
instrument to measure the outcome of competitive athletes after
ACL reconstruction, as shown by its acceptable psychometric
Table III
Construct validity of the KOOS measured by Spearman’s rank correlation between
the KOOS and SF-36 subscales
SF-36
summary
measures
KOOS
subscales
PH MH Pain Symptoms ADL Sport/Rec QoL
SF-36 subscales
PF 0.86 0.59 0.58 0.41 0.73 0.72 0.52
RP 0.88 0.61 0.51 0.40 0.51 0.49 0.54
BP 0.82 0.56 0.79 0.42 0.69 0.41 0.49
GH 0.92 0.54 0.46 0.49 0.41 0.46 0.41
VT 0.63 0.83 0.44 0.37 0.41 0.44 0.53
SF 0.68 0.86 0.42 0.42 0.53 0.46 0.59
RE 0.57 0.89 0.40 0.41 0.44 0.44 0.43
MH 0.49 0.78 0.49 0.48 0.41 0.41 0.48
Summary measures
PH 1.0 0.34 0.78 0.61 0.74 0.71 0.68
MH 0.34 1.0 0.41 0.39 0.44 0.42 0.43
Correlation coefﬁcients greater than 0.34 are signiﬁcant at P< 0.01.
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internal consistency, dimensionality and construct validity.
The results of the present studymay be comparable to the original
KOOS which showed acceptable levels of reliability and validity in
individuals undergoing ACL reconstruction6, despite the fact that its
original validation study had smaller sample size (21 subjects) and
consisted of subjects with different levels of physical activity,
including professional athletes (ten subjects), recreational athletes
(nine subjects) and non-athletes (two subjects). High testeretest
reliability for all subscales scores in the current study, with ICCs
ranging from 0.75 to 0.93, revealed satisfactory stability of the KOOS
over time in athletes after ACL reconstruction. The same pattern of
ﬁndingswasobtained inother studieswith different samples, such as
0.75e0.93 by Roos et al.6, 0.78e0.91 by Roos et al.7, 0.78e0.97 by Roos
and Toksvig-Larsen13, 0.76e0.91 by Ornetti et al.10, 0.74e0.88 and
0.87e0.94 by de Groot et al.11
High Cronbach’s alpha coefﬁcients obtained for all subscales
conﬁrmed that the KOOS subscales are internally consistent, with
the correspondent items properly correlated with each other, in
ACL-reconstructed athletes. Cronbach’s alpha coefﬁcients were
comparable to the coefﬁcients obtained in validation study of the
Swedish (0.71e0.95)7, Singapore English (0.70e0.92)8, French
(0.76e0.93)10, Portuguese (0.77e0.95)12 and Dutch (0.71e0.94,
0.83e0.97, 0.74e0.94 and 0.78e0.95 for different patient groups)11
versions. de Groot et al.11, Xie et al.8 and Salavati et al.9 reported
Cronbach’s alphas lower than 0.70 for some subscales like Pain8,
Symptoms8,9,11 or QoL9. Different samples and modes of adminis-
tration (face to face/telephone interview) might be some possible
explanations for the inconsistency in results. In general, the above
ﬁndings indicate that the KOOS seems to provide internally consis-
tent and reliable results in ACL-reconstructed competitive athletes,
like the results obtained for subjects with knee osteoarthritis7,10,16
and injuries6,9.
Each item of the KOOS showed high correlation with its corre-
sponding subscale. Furthermore, with the exception of item 13 of
ADL subscale, itemesubscale correlations were higher for hypoth-
esized subscale than for competing subscales. Therefore, most
items were stronger measures of their hypothesized subscale than
other subscales. Similar to the ﬁndings of the present study,
acceptable itemesubscale correlation was obtained for all items of
the Portuguese KOOS12. However, Xie et al.8 reported correlations
exceeding 0.40 for only 38 and 29 items of Singapore and Chinese
versions, respectively. Minimum Spearman’s correlation coefﬁcient
of 0.40 was exceeded by only 34 items of the Persian KOOS9. Thisinconsistency may be explained by differences in sample
characteristics.
As expected, we found higher correlation between the KOOS and
SF-36 subscales, measuring similar constructs. We found some
higher correlation coefﬁcients compared to the study of Roos et al.6
(Pain with BP r¼ 0.79 vs 0.46, ADL with PF r¼ 0.73 vs 0.57 and
Sport/Rec with PF r¼ 0.72 vs 0.47). Similar results were reported by
Roos et al.7 (Painwith BP r¼ 0.65, ADLwith PF r¼ 0.68 and Sport/Rec
with PF r¼ 0.57) and Goncalves et al.12 (Pain with BP r¼ 0.62, ADL
with PF r¼ 0.69 and Sport/Rec with PF r¼ 0.63). Higher correlations
were seenwhen comparing KOOS subscales to SF-36 subscales with
a high ability to measure PH. In addition, lower correlations were
observed when comparing KOOS subscales to SF-36 subscales with
a high ability to measure MH. These latter ﬁndings do not seem
surprising, because of less similar contents of KOOS and SF-36
subscales of MH. As can be seen in Table III, Symptoms subscale
showed the weakest correlation to SF-36 subscales measuring PH.
Roos et al.7 reported similar ﬁnding. They suggested that the
symptoms are not important determinators of PH compared to the
other four subscales.
Regarding to SF-36, it was the ﬁrst time that the psychometric
properties of its Persian version of SF-36 were evaluated in Iranian
competitive athletes after ACL reconstruction. Based on the
obtained results, SF-36 may be considered as an appropriate
measure in order to assess different aspects of QoL in the athletic
population.
One limitation of the present study was the small sample size of
subjects. Also, our sample was composed of soccer players,
basketball players and wrestlers. Further studies are needed to
clearly ascertain differences between these three groups of
athletes, as well as other sports. Moreover, sensitivity to change
was not assessed in the present study. The authors suggest
assessing the responsiveness of the KOOS to examine its ability to
detect important change in knee status following ACL reconstruc-
tion in athletes with higher level sports activities.Conclusion
The KOOS questionnaire is a reliable and valid instrument to
measure the condition of athletes undergoing ACL reconstruction.
The KOOS questionnaire can be used as a valid self-reported,
disease-speciﬁc instrument in future studies on ACL-reconstructed
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